Immune homeostasis in the intestine is a product of multiple interactions between the gut microbiome, epithelial cells, and immune cells. Many studies have established the importance of T lymphocytes in regulating intestinal inflammation. More recently, several lines of evidence point to the importance of innate immune cells and epithelial cells in regulating intestinal immune homeostasis. Both of these cell types express microbial sensors, such as Toll-like receptors, which recognize broad classes of microbes and can trigger homeostatic as well as inflammatory signals (Rakoff-Nahoum et al., 2004) . In addition, microbes and host cells may respond to other cues in the intestinal milieu (such as quorum sensing molecules and cytokines). Investigating the complex interactions between microbes, epithelial cells, and innate immune cells is critical for understanding intestinal immune homeostasis.
The study in this issue by Garrett et al. (2007) shows that the loss of the transcription factor T-bet in mice lacking T and B cells (due to RAG-1 deficiency) leads to the development of spontaneous colitis. These mice are dubbed "TRUC" mice for T-bet −/− , RAG-1 −/− , ulcerative colitis. In this regard, T-bet joins other molecules, such as the ubiquitin-modifying enzyme A20, that are critical for regulating immune homeostasis independently of T and B lymphocytes (Lee et al., 2000) . Somewhat surprisingly, T-bet deficiency did not result in spontaneous inflammation in RAG1 +/+ mice, which have an intact adaptive immune system. Thus, Garrett et al. have apparently unveiled an important anti-inflammatory function for T-bet in cells other than T lymphocytes. Prior studies from this group showed that T-bet supports the production of interferon γ (IFNγ), the differentiation of CD4 + cells into T helper 1 cells, and T cell-mediated colitis (Szabo et al., 2000; Neurath et al., 2002) . In contrast, the current findings reveal the critical roles of T-bet expression in innate immune cells (and perhaps other cells) in suppressing intestinal inflammation. Thus, T-bet may perform diverse physiological functions in different cell types.
The authors show that dendritic cells in TRUC mice produce excessive levels of tumor necrosis factor (TNF) and that there is an increase in cell death among colonic epithelial cells. TRUC epithelial cells also express elevated levels of TNF receptor 1 (TNFR1) and loss of TNFR1 in T-bet −/− ; RAG-1 −/− ; TNFR1 −/− triple knockout mice suppresses the development of colitis. These observations establish a role for TNF signaling in the pathology observed in TRUC mice characterized by continuous mucosal ulceration limited to the colon, which resembles human ulcerative colitis. However, TNF is central to the pathogenesis of multiple experimental models of intestinal inflammation, and RAG-1-deficient mice that overexpress TNF develop negligible colitis (Kontoyiannis et al., 1999) . Thus, aberrant TNF signaling may be necessary but not sufficient for colitis in TRUC mice. What is unique about TRUC mice? Perhaps the TNF derived from dendritic cells in TRUC mice plays a distinct role from TNF derived from other cells (such as macrophages) in the other models. Alternatively, mucosal ulceration, enhanced death of epithelial cells, and an increase in TNFR1 expression on colonic epithelial cells in 2-week-old, nondiseased TRUC mice are all clues that epithelial cell survival may be supported by T-bet expression. Although T-bet expression was not detected in epithelial cells from healthy colons of wildtype mice in this study, it remains possible that T-bet may be induced under conditions of inflammation, or that the sensitivities of the antibodies used are insufficient to detect biologically important T-bet. In this scenario, TRUC mice might resemble mice lacking IKKγ in intestinal epithelial cells. These mice display enhanced apoptosis of colonic epithelial cells, which leads to bacterial translocation and colitis (Nenci et al., 2007) . It is possible that critical roles for T-bet in both dendritic cells (to restrict TNF production) and colonic epithelial cells (to promote their survival) may be revealed
Immune homeostasis in the intestine involves complex interactions between microbial organisms and host cells. In this issue, Garrett et al. (2007) describe a communicable form of colitis that is induced by deficiency of the transcription factor T-bet in cells of the innate immune system. in TRUC mice. Future experiments with mice bearing lineage-specific deletions of T-bet should allow for more precise interrogation of the physiological functions of T-bet in innate immune cells, epithelial cells, and other cell types in the intestine.
Perhaps the most intriguing aspect of the Garrett et al. study is that the form of colitis that develops in TRUC mice is communicable to wild-type mice that express T-bet. T-bet-competent pups develop colitis after being crossfostered to female TRUC mice. In addition, Tbet-competent adult mice develop colitis after being co-housed with adult TRUC mice. As no specific pathogens associated with colitis (e.g., Helicobacter spp.) were detected, the authors suggest that the loss of T-bet somehow alters the intestinal microbial community from inflamed TRUC mice such that it can colonize normal mice and induce colitis (Figure 1) . The notion that changes in the intestinal commensal microbiome could alter host biology was originally noted in 1966, when Rene Dubos and colleagues found that the reproductive fecundity and systemic response of mice to endotoxin correlated with the presence or absence of facultative Gram-negative bacteria (Dubos et al., 1966) . Initial efforts by Garrett et al. to detect differences in specific bacterial species in TRUC versus control mice did not reveal obvious differences, although treatment with metronidazole alone, an antibiotic that kills mostly anaerobic bacteria, was effective in ameliorating disease in TRUC mice. Future metagenomic approaches based on sequencing of 16S rRNA should provide insights into the potential colitogenic populations of commensal bacteria.
The communicable nature of TRUC colitis also raises several questions. How do host cells change the nature of a pre-existing commensal species or the composition of a microbial community? Microbes can certainly respond and adapt to environmental conditions (e.g., sporulation) and host cell conditions (e.g., intracellular pH) and may even be able to respond to immune cytokines, such as IFNγ (Wu et al., 2005) . It remains to be determined whether products secreted into the intestinal lumen effect changes in the microbial community and what such factors might be. To what degree does mucosal ulceration in TRUC mice alter the luminal flora? Many other experimental models of intestinal inflammation result in immune cell infiltration but relatively little mucosal ulceration. None have reported a form of colitis that is similarly communicable. As epithelial cells and luminal microbes normally coexist symbiotically, changes in the microbial community might be due to disruptions in the epithelial cell layer and mucous layer that alter local microbial niches.
Finally, disruption of the delicate and complex balance between microbes and host cells likely underlies the pathogenesis of inflammatory bowel disease (IBD) in human patients, highlighting the potential biomedical implications of this work. Genes conferring susceptibility to IBD are closely linked to the innate immune system, and the most potent therapies for IBD are targeted toward TNF, an innate immune cytokine. Hence, further studies examining the role of the innate immune system in experimental colitis should yield important insights into IBD pathophysiology. With regard to microbial contributions to IBD, humans, like mice, are colonized by a complex array of bacterial species after weaning from mother's milk. These early events may have a significant impact on subsequent immune homeostasis and may even affect long-term metabolism (Turnbaugh et al., 2006) . Hence, the correlation between improved sanitation and increased incidence of IBD ) leads to spontaneous colitis manifested by exaggerated production of tumor necrosis factor (TNF) by dendritic cells, epithelial cell death, and mucosal ulceration (T-bet −/− dendritic cells, pink; and colitogenic commensal bacteria, red). (C) Remarkably, crossfostering (and to a lesser extent, co-housing) of these colitic mice to wild-type or RAG-1 −/− mice that express T-bet results in the transmission of colitogenic commensal bacteria that then trigger colitis in the recipient mice.
in developing countries could be partly due to differences in luminal bacteria that colonize infants early in life. Transmissibility of IBD in humans has not been observed, perhaps because humans are more selective than mice in what they consume, and antibiotics have had mixed success in the treatment of IBD. Nevertheless, future metagenomic analyses, perhaps combined with therapeutic manipulations, may allow us to gain insights into the complex interactions in the intestinal microenvironment in human disease.
